A modified form of -alumina nanoparticles prepared by immobilization of 2,4-dinitrophenyl hydrazine on -alumina nanoparticles coated with sodium dodecyl sulfate (DNPH--alumina) for the removal of the anionic dye (Alizarin yellow R) and cationic dye (Methylene blue) from aqueous solutions has been investigated. The FTIR, SEM, TEM, XRD, BET, and BJH analysis techniques indicate that the modification reaction has occurred. Batch adsorption study revealed that 0.05 g amount of the modified adsorbent was capable of removing 95.6% and 65.6% of Alizarin yellow (AY) and Methylene blue (MB) dyes, respectively, in 60 min. The experimental equilibrium data showed that Langmuir isotherm applies well for describing the adsorption behavior, and the maximum adsorption capacity was found to be 47.8 mg/g and 32.8 mg/g for AY and MB on DNPH--alumina, respectively. Kinetic studies showed best applicability of the second-order kinetic model. The DNPH--alumina adsorbent proved capability, effectiveness, and selectivity for the removal of Alizarin yellow R dye. Therefore, it is possible to increase the efficiency of an adsorbent for the removal of pollutants by applying a modification to the surface of the adsorbent, and DNPH as a modifier proved efficient for the removal of a wider range of pollutants including metal ions and dye compounds.
Introduction
The environment is important for the public because most of our ecological systems like air, water, and soil are continuously being contaminated by domestic and industrial pollutants [1] . Dyes are the major pollutants that are used widely in textile, rubber, paper, distillery, plastic, cosmetics, and metal industries [2] . It was estimated that 2% of 7 × 10 5 tons of dyes every year were discharged in effluents from manufacturing operations, while 10% was discharged from textile and other associated industries [3] . The biodegradation of dye compounds is very difficult because of their complex chemical structures which have substituted chromophoric groups like azo, anthraquinone, triarylmethane, and so forth, and these dyes can decompose into carcinogenic aromatic amines under anaerobic conditions; therefore, the discharge of the dye containing effluents into waters can cause harmful effects such as allergic dermatitis, skin irritation, mutations, and cancer [4] . Therefore, dye containing effluents need to be treated before their discharge into the environment [5] . Adsorption is one of the most promising, favorable, and widely used method for the removal of pollutants from contaminated waters [6] . Recently, the use of nanoparticles for the removal of pollutants has become an interesting area of research due to their unique properties which are opening unprecedented opportunities and cost effective approaches; therefore various nanoparticles have been studied for this purpose [7] [8] [9] [10] . Alumina is a well-known adsorbent and the form of -alumina is found to be more adsorptive in its activity than -alumina [11] . Gamma-alumina nanoparticles are promising materials as solid-phase adsorbents because of their large specific surface area, high adsorption capacity, mechanical strength, and low temperature modification [12] [13] [14] . To increase the adsorption efficiency, chemical or physical modifications can be made on the surface of -alumina nanoparticles with compounds having functional groups that
Materials and Methods
The Fourier Transform Infrared Spectroscopy (FTIR) of adsorbent was carried out with an FTIR-Alpha/Bruker/UK spectrophotometer. BET and BJH analysis for surface area measurement were obtained by N 2 adsorption-desorption using Quantachrome/NOVA instrument. X-ray diffractometry using an X'PERT PRO PANalytical/Netherlands with Cu-K radiation. Scanning Electron Microscope (SEM) is carried out by using Inspect S50 (FET)/US scanning electron micrograph and Transmission Electron Microscope (TEM) analysis using Zeiss-EM10C-80 KV/Germany. The pH zpc (pH zero point charge) was determined by a method mentioned previously [20] . The pH of dye solutions and pH zpc were determined by using pH Meter/HI 2211, HANAA/UK instrument. Absorbance measurements for the dyes solutions were carried out using a double beam UV-Vis spectrophotometer (UV-1800) Shimadzu/Japan. All reagents in this study were used without further purification. Alizarin yellow R (AY) was purchased from SCRC/China and Methylene blue (MB) from BDH; 2,4-dinitrophenyl hydrazine was obtained from Fluka chemicals/Germany and sodium dodecyl sulfate (SDS) from Sigma/USA.
Preparation of Dyes Solutions.
These dyes show maximum absorption ( max ) at 362 nm and 664 nm for Alizarin yellow (AY) and Methylene blue (MB), respectively. 1000 mg/ L solutions of each dye were prepared by dissolving appropriate amount of dye in distilled water and stored in dark bottle and diluted by adding suitable amount of distilled water to the stock solutions as required. As an initial step of this investigation, a calibration curve is constructed for Alizarin yellow R dye and for Methylene blue dye by preparing different concentrations of each dye solutions and then measuring their absorbance using a double beam UV-Vis spectrophotometer each dye is measured at its specific max . These dyes were found to obey Beer's law as shown in Figure 1 . From these curves the concentration of the dyes in the solutions was obtained.
Adsorbent Preparation.
Gamma-alumina nanopowder ( -Al 2 O 3 ) was purchased from Sigma-Aldrich/USA with particle size <50 nm and used without more purification.
The modified DNPH--alumina was prepared by a method that immobilizes 2,4-dinitrophenyl hydrazine on the admicelles and hemimicelles of -alumina coated with sodium dodecyl sulfate as follows: each 2.0 g of -alumina nanopowder was mixed with 50 mL of distilled water and 100 mg of sodium dodecyl sulfate (SDS). Then, 20 mL of a solution of 2,4-dinitrophenyl hydrazine, DNPH (0.90 g DNPH in concentrated HCl + acetonitrile), was added. This suspension was stirred at 60 ∘ C for 9 hours. The excess solvent of the mixture was evaporated using a rotary evaporator; the prepared particles were then filtered, washed with distilled water, air-dried, and finally stored in a closed bottle for subsequent use [18, 19] .
Batch Adsorption
Experiments. The adsorption of the dye solutions was studied using the batch method due to its simplicity. All experiments were carried out in triplicate and average absorbance values were taken.
Effect of pH.
The solutions were not buffered in order to mimic industrial practices. Experiments were carried out with the pH range of 4-11 for the dye solutions. In an Erlenmeyer flask, 0.05 g sample of each adsorbent was suspended in 50 mL solution of 50 mg/L of each dye solution at several pH values (4, 7, 9, and 11) using either 0.1 M NaOH or 0.1 M HCl for pH adjustment. The flasks were covered and then placed on a mechanical shaker at a speed of 70 rpm at room temperature. The resultant solutions were centrifuged at 2500 rpm for 5 minutes, and then the residual dye concentrations of each solution were determined by measuring their absorbance.
Effect of Adsorbent Dose.
The adsorbent dose of 0.02-0.2 g of each adsorbent was agitated for two hours with 50 mL of 50 mg/L dye solutions and at optimum pH 4 for AY and pH 11 for MB. The resultant solutions were centrifuged, and the residual dye concentrations were determined.
Equilibrium Time
Determination. 50 mL of initial concentration (50 mg/L) of AY and MB solutions was shaken with 0.05 g of each adsorbent at pH 4 (AY) and pH 11 (MB). The absorbance of the dye solutions was measured at different time intervals 10, 20, 30, 60, 90 , and 120 minutes.
Effect of Temperature.
The effect of temperature on the adsorption of AY and MB was studied by carrying out the temperature controlled equilibrium experiments, with varying temperatures (293, 298, 308, 318, and 328 K).
Equilibrium Adsorption Studies.
All conducted adsorption experiments were performed as duplicates and an average reading was taken. The batch adsorption experiments were conducted in a set of 100 mL Erlenmeyer flasks containing 0.05 g adsorbent and 50 mL dye solutions with various initial concentrations (10, 20, 30, 40 , and 50 mg/L). The flasks were agitated in thermostated shaker bath/GFL (D-3006), at 70 cycles/min and 25 ∘ C until the equilibrium was reached. Dye concentrations in the supernatant solutions were measured using a UV-Vis spectrophotometer. Dyes uptake at equilibrium, (mg/g), was determined by volume of the solution, and (g) is the mass of adsorbent used. Langmuir and Freundlich adsorption isotherms were used to describe the equilibrium characteristics of adsorption.
Also percentage of removal (% ) of dyes was calculated from 
where max is the maximum adsorption capacity at monolayer in (mg g −1 ), is the concentration of dyes at equilibrium, is the adsorption capacity at equilibrium (mg g −1 ), and is the Langmuir constant representing the affinity of binding sites (L/mg). A linear plot of / versus gives max and . One of the essential characteristics of the Langmuir isotherm is a dimensionless constant of separation factor or equilibrium parameter, , which is given by
where is the Langmuir constant and is the initial concentration of dyes. If values are between 0 and 1 then it indicates favorable adsorption, while > 1, = 1, and = 0 indicate unfavorable, linear, and irreversible adsorption isotherms.
Freundlich Isotherm.
Another widely used isotherm is the empirical Freundlich equation which is based on sorption on a heterogeneous surface. The heat of adsorption decreases in value with an increase in the extent of adsorption. If the decrease in the heat of adsorption is logarithmic, then it will indicate that the adsorption sites are distributed exponentially with respect to the adsorption energy which is different between the groups of adsorption sites. The Freundlich equation is known as [22] 
So, the linear form of the Freundlich isotherm is
where and are the Freundlich constants representing sorption capacity (mg g −1 ) and intensity, respectively. and can be determined from linear plot of log against log .
Thermodynamic Modeling.
The thermodynamic parameters include Gibbs free energy change (Δ ), enthalpy change (Δ ), and entropy change (Δ ) involved in an adsorption system. The values of Δ , Δ , and Δ were calculated from the following equations:
where (8.314 JK −1 mol −1 ) is the universal gas constant and (K) is the absolute solution temperature. The values of Δ and Δ were determined from the slope and intercept of the Van't Hoff plot of ln versus 1/ .
Kinetic Studies.
The kinetic studies were carried out by agitation of 50 mL solutions of each dye with initial concentrations 10-40 mg/L and 0.05 g of each adsorbent, at room temperature and at different time intervals from 10 to 60 min. These kinetic experiments were analyzed using pseudo-firstorder [23] and pseudo-second-order equations [24] .
Pseudo-First-Order Equation.
This equation of Lagergren is given by
where (mg/g) is the adsorption capacity at time and 1 is the rate constant of the adsorption process (min −1 ). The integrated form of the first-order equation is given as follows:
Pseudo-Second-Order Equation.
This model assumes that the rate limiting step is chemisorption in nature. The mechanism may involve valence forces by sharing or through the exchange of electrons between adsorbent and adsorbate. This kinetic equation is given as follows:
where 2 (g mg −1 min −1 ) is the second-order rate constant of the adsorption process. The linearized form of the secondorder equation is obtained by integrating (10) to give
Intraparticle Diffusion Study.
The rate constant of intraparticle diffusion diff was calculated by using the following equation [25] :
where (mg/g) is the amount adsorbed at time and
is the square root of the time (min 1/2 ). It is an empirical relationship that is common to most adsorption processes, where uptake varies almost proportionally with 1/2 rather than with the contact time. The values of diff (mg/g⋅min 1/2 ) and (mg/g) were calculated from slope of the curves from plotting versus 1/2 .
Determination of Activation
Energy. The activation energy, , can be obtained by using the Arrhenius equation [26] as follows:
where is the frequency factor (min −1 ), is the rate constant value for the adsorption process, and is the activation energy in KJ mol −1 . can be calculated from the slope of the graph ln versus 1/ . The low activation energy indicates that the adsorption process is a physical adsorption.
Desorption Studies.
After adsorption of the dyes, the adsorbent was separated by centrifugation and the residual solid was dried at 40 ∘ C. The obtained solid was added to 6 mL of 0.1 M NaOH for (AY) and 0.1 M HCl for (MB) as back extractants. Samples were collected after 5, 10, 30, 60, and 90 min contact times with these extractants to evaluate dye recovery by means of UV-Vis spectrophotometer. The dye recovery was calculated by (14 cycle was repeated three times with the use of 50 mg/L for each dye solution.
Recovery (%) = amount of desorbed metals amount of adsorbed metals × 100. (14) 2.18. Statistical Analysis. The data analysis was carried out by employing the regression correlation coefficient ( 2 ), standard error (Std error) and standard deviation (Std deviation) that were calculated by Microsoft Excel 2007 program. Another important test is the Chi-square statistic test which is basically the sum of the squares of the differences between the experimental data and the theoretical data from each model. It is given by the following equation [27] :
where (exp) is the equilibrium capacity (mg/g) from the experimental data and (cal) (mg/g) is the equilibrium capacity obtained by calculation from the model. If the experimental data and the data from the model were similar, the value of 2 would be small and vice versa. Also, lower values of standard error and standard deviation give better indication of the most suitable model.
Results and Discussion

Characterization.
The FTIR spectra of -alumina and its modified form (DNPH--alumina) are shown in Figures 2  and 3 . The FTIR spectrum of -alumina showed a broad band at 3551-3461 cm −1 attributed to the -OH stretching vibrations related to the lattice of water molecules; this may indicate the presence of moisture in the powder of KBr [14] , also a weak band at 1637 cm obtained for -alumina in other studies [10, 14, 18] . DNPH--alumina FTIR spectrum showed a more broad band due to stretching vibrations of N-H with varying degrees of H bonding at 3600-3300 cm −1 , NH 2 scissoring vibration at 1670 cm −1 , Al-OH stretching vibrations at 1638 cm −1 , C-NO 2 bond at 1465 cm −1 and 2927 and 2857 cm −1 assigned to aliphatic -CH 3 and -CH 2 related to the alkyl group in sodium dodecyl sulfate, S=O symmetric and antisymmetric stretch of SDS at 1206 and 1034 cm −1 , respectively, and in plane and out of plane bending of C-H, C-C-C, and C-NO 2 bonds that overlap between 900 and 500 cm −1 . This is in agreement with DNPH--alumina prepared by Afkhami et al. [18] . BET and BJH measurements for the surface areas of -alumina and DNPH--alumina are shown in Table 1 ; the surface areas for the adsorbents are relatively high but there is a decrease in all these parameters for the modified DNPH--alumina and this may be contributed to large size of the organic ligand which blocks the surface of -alumina [28] .
The SEM and TEM of the adsorbents are given in Figures  4 and 5 , respectively; they show the surface and textural morphology. As shown in these figures the -alumina is spherical in shape and has a mean diameter of 10-50 nm. The modified DNPH--alumina had a mean diameter in the range between 30 and 70 nm. This change in the shape and size of the particles shown in the SEM figures, in addition to FTIR analysis, indicates that the alumina nanoparticles have been coated with SDS and immobilization of DNPH in the coated SDS--alumina has occurred. This coating process has resulted in the agglomeration and the change in the particle size of adsorbent [29] . The figures agree with that obtained by Afkhami et al. [18] . The X-ray diffraction analysis given in Figure 6 confirms the nanocrystalline structure of -alumina.
Effect of pH and Point of Zero Charge Determination.
The point of zero charge pH zpc has been obtained and was found to be 8.5 for -alumina and approximately 6 for DNPH--alumina, as shown in Figure 7 . The pH zpc foralumina obtained agrees with other studies in which the pH zpc was 7.9 [20] and 8.0 [10] , while the effect of pH on the removal of AY and MB is given in Figure 8 . The pH factor is important in controlling the adsorption process especially for dyes adsorption. The removal of Methylene blue (MB) on the adsorbents was found favorable at (pH 11) while Alizarin yellow removal was optimized at pH 4. The same observation was found in other studies for removal of MB and other cationic dyes [30] [31] [32] . Also, similar observations were found for AY [33] or other anionic dyes such as Congo red [32] and acid orange-7 [10] . In general, at solution pH above pH zpc , the negative charge density of the surface of adsorbent will increase and favors the adsorption of cationic dyes due to electrostatic interactions [30] , while at pH values lower than pH zpc , acidic pH, the surface of the adsorbents is surrounded by hydronium ions H + which are favorably replaced by Alizarin yellow dye. So, as pH decreases, the net positive surface potential is greater for removal of anionic dyes due to electrostatic interactions [33] .
Effect of Amount of Adsorbent.
Usually, the removal of dyes increases with increasing adsorbent dose, as the number of sorption sites at the surface will increase when the dose of the adsorbent is increased. So, it will increase the percentage of dye removal from the solution. The effect of adsorbent dose shows the effectiveness of the adsorbent and also the ability of dyes to be adsorbed with a minimum amount of adsorbent dosage, in order to verify the ability of an adsorbent from an economical point of view [1] . Figure 9 shows that 0.05 g of each adsorbent is efficient for the removal of MB and AY.
Effect of Contact Time.
The rate of dye removal is high initially, due to high concentration gradient and more available adsorption sites, until the adsorption process reaches equilibrium where no further uptake of adsorbate by adsorbent will occur as time proceeds [34] . The results show that equilibrium was obtained after 60 minutes of agitation time as shown in Figure 10 .
Adsorption Isotherms.
Parameters that are obtained from the equilibrium models can give useful information on the sorption mechanism, surface properties, and the affinity for an adsorbent [35] . The linear plots of these isotherms are shown in Figures 11 and 12 . The adsorption isotherm parameters and their statistical comparisons are listed in Table 2 . From the statistical analysis it is clear that the Langmuir isotherm fits superiorly on the adsorption of AY on -alumina and DNPH--alumina with a maximum adsorption capacity of 37.7 mg/g and 47.8 mg/g on -alumina and DNPH--alumina, respectively. The favorable Langmuir isotherm is also tested further from its which is favorable when 0 < < 1 as in the case for AY adsorption on -alumina and DNPH--alumina. The Langmuir isotherms basic assumption is that the adsorption takes place at specific homogeneous sites, so once a dye occupies this site no further adsorption can take place at this site [30] . On the basis of the statistical analysis for the adsorption of MB on -alumina it is clear that Freundlich isotherm fits the process best, which is applied to the nonideal adsorptions that occur on heterogeneous surfaces and as multilayer adsorption [36] . As for the adsorption of MB on DNPH--alumina it showed preference of the Langmuir isotherm with a maximum adsorption capacity of 32.8 mg/g.
Kinetic Studies.
The kinetic plots of the pseudo-first and second-order kinetic equations are shown in Figures  13 and 14 and the constants with the statistical analysis of the kinetic models are listed in Table 3 . The agreement between experimental and calculated values of with the corresponding correlation coefficients (
2 ) for the secondorder equation is greater than that of the first-order model, and the smaller 2 values for the second-order model result in better applicability of the pseudo-second-order model to describe the adsorption process [37] , indicating that the process is controlled by chemisorption [38] . Intraparticle diffusion model is commonly used for identifying the mechanism that is involved in the sorption process. An overall adsorption process of a solute onto the solid surface may be controlled by one or more steps, for example, boundary layer (film), external diffusion, pore diffusion, or combination of several steps. Table 3 gives the intraparticle diffusion parameters for the adsorption process of AY and MB on -alumina and DNPH--alumina. The diff (the intraparticle diffusion rate constant and gives an indication of the thickness of the boundary layer), and since the intraparticle curve did not pass through the origin shown in Figures 15 and 16 , this model is poorer than another model (pseudo second-order model) to fit the kinetics of the adsorption process. From Table 3 , it is observed that the adsorption of dye follows more closely pseudo-secondorder kinetics. Therefore, it can be concluded that the pseudosecond-order model is better in describing the kinetics of adsorption of AY and MB.
Similar results have been seen in another study [10] . Table 4 . It can be seen that the adsorption of AY on -alumina has lower value, but the modification of -alumina may have changed the adsorption process to a chemisorption having higher , especially at higher concentrations. The adsorption of MB on the modified--alumina shows lower energy of activations.
Thermodynamic Parameters.
The thermodynamic parameters for the removal of AY and MB on -alumina and DNPH--alumina are given in Table 5 . Negative values of Δ and Δ indicate that the removal process is spontaneous and exothermic in nature (the adsorption decreases with increasing temperature). It depends mainly on the movement of dye molecules for each dye class. So, increasing temperature may decrease the adsorptive forces between the dye molecules and the active sites on the adsorbent surface, therefore, resulting in decreasing adsorption capacity [1] . Negative Δ values could be related to the formation of higher order adsorbed species on a surface (decrease in the randomness tendency at the interface between dyes and adsorbents) [39] . So, the adsorption of AY on the DNPH--alumina is more energetically favorable at lower temperatures, and decrease in randomness could be attributed to the chemical nature of the adsorption.
Desorption Studies.
Regeneration of an adsorbent could make the treatment process more economical and more feasible. Desorption study helps to provide more information about the mechanism of dye adsorption and recycling of spent adsorbent and adsorbate. The recovery of the adsorbent could be obtained twice as shown in Table 6 . If dyes can be desorbed using neutral pH water, this may prove that the attachment of dye molecules to the adsorbent is by weak bonds [30] , but in this study AY was desorbed using 0.2 M NaOH and MB was desorbed using 0.2 M HCl MB. Because there is a strong interaction between the dyes and DNPH--alumina then desorption of dyes was very low especially for AY.
The adsorption of AY on -alumina occurs because when the solution pH is below the point of zero charge of alumina which is pH 8.5, the alumina surface will be positively charged and will interact with the negatively charged anionic dye (AY) by electrostatic interactions. The relatively low energy of activation for the adsorption of AY on -alumina may be further proof of this type of interaction.
SDS is coated on -alumina in acidic medium due to the same reason by the electrostatic interactions between the negative charged sulfate moiety of the SDS and the positively charged surface of -alumina forming hemimicelles and admicelles [40] ; it does not increase the adsorption of AY which could be because both AY and the sulfate moiety of the SDS on -alumina are negatively charged in the acidic medium. When DNPH is immobilized by a chemical reaction it is trapped homogeneously in the hemimicelles and admicelles of the SDS--alumina as explained by Afkhami et al. [18] . The adsorption of AY on the DNPH--alumina surface increases due to the presence of DNPH; this could be attributed to the strong hydrophobic interactions between AY and DNPH and the increase in the energy of activation ( ) accompanying this process may be due to these hydrophobic interactions.
While the adsorption of MB on DNPH--alumina also increases due to these hydrophobic interactions but to a lesser extent and this may be because of the steric-hindrance caused by the more bulky MB structure.
Conclusions
The modified immobilization of DNPH on SDS-coatedalumina has shown higher adsorption efficiency for the anionic dye (AY) which resulted in 95.6% removal opposed to 65.6% removal of the cationic dye (MB). Different interactions have led to the increased adsorption of the dyes on DNPH--alumina including electrostatic and hydrophobic. Therefore, a modification process may increase the capability, effectiveness, and selectivity for the removal of certain pollutants by making them more selective, and the use of DNPH as a modifier could be used on a wider range of charged pollutants including metal ions and dyes.
